Abstract-A real-time PCR assay based on the TaqMan chemistry was developed for reliable and quantitative detection of CD81 in Tupaia belangeri. The assay is performed with the ABI 7300 system using TaqMan probe and primers amplifying 118bp CD81 fragment of Tupaia belangeri. The standard curve for quantitation of target gene showed linearity over an at least 5-log DNA concentration range, represents10 3 to10 7 copies per reaction, with a correlation coefficient of 0.9996 (the slopes value -3.39 VS -3.32). Moreover, this protocol enabled detection of as little as 10 copies of CD81 cDNA in Tupaia belangeri liver tissues . The overall % coefficient of variation (%CV) for this assay was lower 5% with statistical significance due to in intra-assay 1.08% and inter-assay 0.16%, which indicated its high reproducibility. The new assay greatly improves current detection methods for CD81 evaluation, and this is the first report on the standardization and evaluation of a Tupaia belangeri CD81 RNA quantitation assay from China. As TaqMan real-time PCR enable the rapid and easy processing of a large number of samples, and can be used as a tool for monitoring progression of CD81 expression.
INTRODUCTION
Hepatitis C virus (HCV) infection is a major causative agent; it has a prevalence of about 3%, representing 130-170 million infected people worldwide [1] , and 3-4 million new cases each year [2] . The majority of HCV-infected individuals develop chronic hepatitis that may progress to liver cirrhosis and hepatocellular carcinoma (HCC) [3] . The current therapy, based on the combination of pegylated interferon with ribavirin, is effective in only 50-80% of the patients, and no vaccine to prevent HCV infection [4] . Due to understanding of the mechanisms leading to the chronic initiation of infection and the lack of a robust small-animal model HCV has hampered the discovery and development of novel drug treatments for HCV infections [5] . The liver is the primary target organ of HCV, and the hepatocyte is its primary target cell. Attachment of the virus to the cell surface followed by viral entry is the first step in a cascade of interactions between the virus and the target cell that is required for successful entry into the cell and initiation of infection. As of now, several cell surface molecules, such as CD81, SR-BI/Cla1, Claudin-1 (CLDN-1) and occludin, are considered to be essential receptors or co-receptors for HCV cell entry. In addition, glycolsaminoglycans (GAG), such as heparan sulfate, the lectin DC specific intracellular adhesion molecuLe-3-grabbing non-integrin (SIGN) and liver-specific (L)-SIGN, and low-density lipoprotein (LDL)-receptor (LDL-R) have been implicated in HCV cell attachment and entry [6] . CD81 is an unglycosylated membrane protein; it is an integral member of the tetraspanin family. CD81 has been proposed as an HCV receptor molecule, whose large extra cellular loops (LEL) binding to HCV E2, was believed to play a fundamental role in HCV infectivity [7] [8] [9] [10] [11] . Because of the lake of suit animal model, chimpanzee has been used to study mechanisms of HCV infection. However, the use of chimpanzee model was limitative for its high spending and different disease progression [5] . Tree shrews (Tupaia belangeri) are similar to squirrels in their external appearance and habits. Several studies have indicated the in vivo and in vitro infection of tree shrews with HCV [12] . Recently, it was reported that Scavenger receptor class B type I (SR-BI), CD81 and other cellular molecules on primary Tupaia hepatocytes are important cell-surface molecules for binding of HCV envelope to the hepatocytes [13, 14] . So far, there was no effective method to detect the level of CD81 in Tupaia belangeri due to no any antibody against CD81 of Tupaia belangeri, which has hindered the understanding on CD81 function of Tupaia belangeri. Realtime PCR has was proved to be a good method to evaluate the mRNA expression due to its high rapidity, sensitivity, reproducibility and the reduced risk of carry-over contamination [15] . Moreover, it has been used in diagnostic laboratories as a quantitative tool for a variety of human and animal pathogens. In the TaqMan system, an oligonucleotide probe is labeled at the 5'end with a fluorochrome such as 6-carboxyfluoresein (6-FAM), and at the 3'end with a quencher fluorochrome such as 6-carboxytetramethyl-rhodamine (TAMRA). The TaqMan probe is degraded by the 5 to 3 exonuclease activity of the Taq DNA polymerase as it extends the primer during each PCR amplification cycle and the fluorescent chromophore is released. The amount of fluorescence is monitored during each amplification cycle and is proportional to the amount of PCR product generated [16] . The aim of this study was to develop a rapid and sensitive real-time PCR assay based on TaqMan probe to detect and quantitate CD81 RNA in tissues of Tupaia belangeri, and supply a accurate and reliable method to detect the expression of Tupaia belangeri CD81.
II. MATERIALS AND METHODS

A. Primer and probe design
The primers and probes were designed according to our reported CD81 nucleotides sequence (accession no.AY339623) of Tupaia belangeri. A total of 54 sets of primer probe combinations were predicted by the Primer Express 2.0 software. Amongst them, one primer/probe set was ultimately chosen to amplify CD81 large extra cellular loops (LEL). Blast results of primers and probe showed 100% homology with Tupaia belangeri CD81. The forward primer (5-GGAGGACTGCCACCAGAAGAT-3) and reverse primer (5-CAGCACCATGCTC AGGATCA-3) at positions from 561 to 678 (accession no. AY339623), which generate a 118 bp amplicon. The TaqMan probe (5-AAGCTGTACCTCATCGG CATCGCG-3) at position 601, which was tagged with a reporter fluorescein dye (FAM) at 5' end and quencher fluorochrome (TAMRA) at 3' end. The primers and probe synthesized commercially (Applied Biosystems , USA).
B. RNA extraction and Reverse transcription
RNA was extracted from Tupaia belangeri liver using commercial kit (EZ1 RNA Universal Tissue Kit, QIAGEN, USA). Reverse transcription of total RNA was performed using a commercial cDNA Archive Kit (ABI, USA). After denaturation of RNA for 10 min at 95 ℃ , cDNA was synthesized at 37℃ for 2 h in a final volume of 100μl, using 10μl of random hexadeoxynucleotide primers (500ng/ml), 50μl of RNA, 5μl superscript reverse transcriptase (50Units/μl), 4μl of 25×dNTP mix, 10μl of 10×RT buffer and 1μl of RNAse inhibitor.
C. optimization of primer and probe concentrations
To optimize primer and probe concentration, which possible impact efficiency of PCR reaction, several combinations of primer (100nM、200nM、300nM of 1μl) and probe (50nM、100nM 、150nM of 0.5μl) were evaluated in real-time PCR with CD81 cDNA. The efficiency of PCR reaction was evaluated according the level of Cycle of threshold (C T ). The concentration of primers and probe, which have the least C T level, was determined to be optimized concentration.
D. Establish of standard curves
Construction of the recombinant plasmid DNA was conducted by cloning PCR product of 711 of Tupaia belangeri CD81 gene, which cover describing quantitative PCR target region, into the vector plasmid PMD-18T. The molecular weight could be deduced according to its nucleotide sequence. Subsequently, the recombinant plasmid was propagated and purified from competent E-coli JM109 cells. Its concentration was determined by measuring absorbance at 260 nm. The copy number was calculated by the Avogardro's formula. Then, a series of 10-fold dilutions (ranging from 10 3 copies to 10 7 copies) of purified recombinant plasmid was prepared to run real-time PCR under the optimizations system.
E. TaqMan real-time PCR assay
The TaqMan PCR reaction was performed in a final volume of 25μl reagent system, including 12.5μl of TaqMan Master mix (TOYOBO Japan), 1μl primers, 0.5μl of TaqMan probe (optimized concentration), 3μl of cDNA or purified plasmid, and 7μl water. Each 25μl reagent system was put into Thin-Wall PCR 8-Tube, reaction was performed on ABI 7300 machine with procedure of 94℃ for 3min, following by 40 cycles of 94℃for 30sec , 60℃ for 30 sec and 72℃ for 1min, then a 3 min final extension at 72℃. Fluorescein signal was collected at 72℃ for 1min of each cycle.
F. Sensitivity、Specificity and Reproducibility of the assay
The sensitivity was evaluated using serial 10-fold dilutions of calculated and purified recombinant plasmid Tupaia belangeri CD81 DNA ranging from 10 2 to 10 8 copies. And, 25μl reacted system were prepared according to the procedures described above.
Specificity was tested utilizing total RNA extracted from liver tissue of Tupaia belangeri. Agarose gel electrophoresis was carried out to confirm the expected size of the amplification fragment. Then, the specific band was sliced from the gel, purified as described previously and sequenced.
For the reproducibility assay, we adopted two kinds of analytical methods including intra-assay and inter-assay to determine the reproducibility. Intra-assay mainly included the detected sample with Tupaia belangeri CD81 gene from one and the same liver tissue was run one time in six repetitions. Inter-assay was conducted on same samples from 10-fold dilutions of purified recombinant plasmid DNA ranging from 10 3 copies to 10 7 copies like standard curves sample were made of three times different of batch dilutions. These samples were tested by the same operator avoid the artificial error.
III. RESULTS
A. optimized Primer and Probe concentration
The optimization of primer and probe concentrations displayed that 200nM primers and 100 nM probe combination achieved the lowest CT value of 16.24 among six pre-designed combinations (ranging from 16.24 to 19.82) (TABLE I) . Therefore, this combination of primers and probe was considered the optimized concentration set. The established detecting system includs the a final volume of 25μl, 12.5μl of TaqMan Master mix, 1μl (200 nM) specific primers, 0.5μl 100 nM) of TaqMan probe, 3μl of cDNA or Plasmid DNA and 7μl sterile double distilled water.and rms do not have to be defined. Do not use abbreviations in the title or heads unless they are unavoidable. 
B. Establishment of Standard curve
To assess the detection range of real-time PCR, linearity between C T and Rn levels, a standard curve were constructed with serially diluted recombinant plasmid. It has been observed that the standard curve that was obtained by plotting the C T values that correspond to logarithmic DNA concentrations shows a linear correlation (coefficient of correlation=0.9996) in the ranging from 10 3 copies to 10 7 copies, Moreover, the -3.39 slopes of curve was close to the ideal value (-3.32), which can be achieved with a PCR efficiency of 100%. 
C. Sensitivity of the TaqMan real-time PCR systems
The sensitivity of the reaction system regarding the number of nucleotide copies was evaluated by using known amounts of recombinant Plasmid DNA ranging from 10 0 copies to 10 8 copies per reaction. We were able to detect as little as 10 copies because no fluorescent signal could be detected in 1 copy reaction. Reaction was performed in 25uL reaction volume, and a negative control consisting of the reaction mixture and water instead of template DNA was also no fluorescent signal in this assay.
The sensitivity of the reaction system regarding the number of nucleotide copies was evaluated by using known amounts of recombinant Plasmid DNA ranging from 10 0 copies to 10 8 copies per reaction. We were able to detect as little as 10 copies because no fluorescent signal could be detected in 1 copy reaction. Reaction was performed in 25μl reaction volume, and a negative control consisting of the reaction mixture and water instead of template DNA was also no fluorescent signal in this assay. 
D. Specificity of the TaqMan real-time PCR systems
Specificity of RT-PCR products was documented with high resolution gel electrophoresis and resulted in a single product with the desired length Tupaia belangeri CD81 fragment 118bp and clearly visible bands, All reactions were performed in five repetitions. In addition, direct sequencing of reamplified bands excised from the gel was performed to confirm the accuracy of the analysis (Figure2). To avoid cross-reactivity with other animal CD81 gene, RNA extracted from Mouse and Rat liver tissue were detected, the Tanqman real-time PCR result display no detected any fluorescent signal. 
E. Reproducibility of the TaqMan real-time PCR systems
To analyze the reproducibility and reliability of the realtime PCR assay, we assessed the intra-assay and inter-assay coefficients of variation. The intra-assay reproducibility of the TaqMan real-time PCR assay was determined by testing six replicates of CD81 cDNA as template from the same Tupaia belangeri liver tissue. The intra-assay S.D was 0.232. The C T overall % coefficient of variation (%CV) for this assay was 1.08% (TABLE II) . The intre-assay reproducibility was determined by testing six replicates of the template from10-fold dilutions of purified recombinant plasmid DNA ranging from 10 3 copies to 10 7 copies as the standard curves sample were made of three times. The inter-assay S.D was 0.002. The R 2 overall % coefficient of variation (%CV) for this assay was 0.16%. This value was far blow 5%. Therefore, the reproducibility and reliability of the real-time PCR is high. 
IV. DISCUSSION
Real-time PCR is widely used as robust assay for the species identification and quantification of nucleic acid molecules due to its higher sensitivity and specificity, larger dynamic range of detection, and less carry-over contamination risk. In the quantitative real-time PCR (qPCR) technique, amplification of the target gene is monitored by an increased fluorescence signal which enables direct assessment of the results after the PCR application without additional detection steps [17] . Currently, two formats correlating the PCR products with the fluorescent signal are available. The first method is to use intercalating fluorescent dyes like SYBR Green. This type of dyes bind to all double-stranded DNA present, including any non-specific PCR products and the primer-dimer complex due to the specificity only depending on two PCR primers. There is a disadvantage of this method for its false positive rate and very specific PCR primers. The fluorescent reporter probes method is more reliable. The additional probe, which also binds specifically to the target DNA sequence during the annealing step, was used. The specificity were improved by probe's compative annealing. In this study, we adopt TaqMan real-time PCR method with the characteristic of higher sensitivity and specificity to detect CD81 gene.
Real-time PCR has been implemented as a quantitative method of target DNA or RNA sequences in research and diagnostic laboratories; To accurately quantitative detect the target gene copies, it is essential to develop a preferable standard curve. In this study, we utilize recombinant Plasmid DNA of Tupaia belangeri CD81 as external reference with a more wider dynamic range (C T ranging from 10 to 29) comparing with some similar standard curve of commercial Real-time PCR Kit and reports [18] [19] [20] , respectively. And the excellent correlation obtained a linear correlation (coefficient of correlation=0.9996) in the ranging from 10 3 copies to 10 7 copies, near to a 100% PCR efficiency (the slopes value -3.39 VS -3.32).
Real time PCR technique is a very robust technique on species identification with high sensitivity, specificity and reproducibility. The sensitivity of the method is related to the minimum copy number of Tupaia belangeri CD81 cDNA that could be detected. In this work, all of the Tupaia belangeri CD81 cDNA samples were determined with this TaqMan probe system on 10 copies cDNA level. The specificity of the method is related to the specificity of the first degree designed primer and probe. In this study, species specific primers and TaqMan probes were designed targeting the CD81 LEL region for the identification of Tupaia belangeri. And it was proved the primers specificity by analysis of gel electrophoresis and result of sequencing the CD81 fragment. In addition, To test cross-reactivity with CD81 from other animals, we detected respectively two CD81 samples from Mouse and Rat liver tissue by TaqMan real-time PCR. None of the two samples reacted positively in our assay according to no detecting any fluorescent signal, the reasons may be the first degree designed primer and probe, which was all consensus sequence compared with reference accession no. AY339623 (Tupaia belangeri CD81 cDNA). While, several nucleotide changes were observed independently through comparing the sequences of Mouse and Rat with Tupaia belangeri (Figure 4) . The discrepant sequences of primer and probe hindered PCR reaction and probe integration. The performance of the assay was very consistent as reflected by six repetitions reaction respectively in intra-assay and interassay runs. The overall % coefficient of variation (%CV) for this assay was far lower 5% with statistical significance due to in intra-assay 1.08% and inter-assay 0.16%. It indicates our TaqMan real-time PCR system has high reproducibility. In summary, we have developed a Tupaia belangeri CD81 gene specific, sensitive and repeatable TaqMan realtime assay, which can quantify CD81 RNA levels in tissue and cell. This is the first report on the standardization and evaluation of a Tupaia belangeri CD81 RNA quantitation assay. As TaqMan real-time PCR enable the rapid and easy processing of a large number of samples, this method could be used as a tool for monitoring progression of CD81 expression in infected Tupaia belangeri whether in-vivo or in-vitro. 
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